We have found that native histone molecules as they occur in the nucleohistone component of pea bud chromatin contain RNA molecules chemically linked to them. The histone-bound RNA constitutes a new class of RNA, differing from other classes in base composition and in chain length. That the RNA content of native histone has not been discovered heretofore is due to the fact that histones are commonly extracted from chromatin with acid, a condition under which the RNA-histone bond is cleaved. Since the nucleohistone component of chromatin is inactive in the support of DNA-dependent RNA synthesis and since the histones are one class of agents responsible for such repression, their association with a specific class of RNA is relevant to considerations of the control of genetic activity.
We have found that native histone molecules as they occur in the nucleohistone component of pea bud chromatin contain RNA molecules chemically linked to them. The histone-bound RNA constitutes a new class of RNA, differing from other classes in base composition and in chain length. That the RNA content of native histone has not been discovered heretofore is due to the fact that histones are commonly extracted from chromatin with acid, a condition under which the RNA-histone bond is cleaved. Since the nucleohistone component of chromatin is inactive in the support of DNA-dependent RNA synthesis and since the histones are one class of agents responsible for such repression, their association with a specific class of RNA is relevant to considerations of the control of genetic activity.
Materials and Methods.-P32-labeled nucleohistone: We have used P32-labeled histone-RNA complex for the major part of this work. For each preparation ca. 5 kg of pea seeds (var. Alaska) were soaked in such a volume of P32-solution (50 me carrier-free H3P3204 adjusted to pH 7.5 with 1 M tris) that all was imbibed by the seeds. These were then planted in vermiculite and germinated in the dark for 6 days at 250C. The apical buds were then removed, each preparation yielding ca. 600 gm fresh weight of buds. From these, chromatin was prepared by the methods of Huang and Bonner.' The buds were ground (Waring Blendor) in grinding medium consisting of sucrose 0.25 M, tris buffer, pH 8, 0.05 M, and MgC12, 0.001 M, the homogenate was filtered successively through cheesecloth and Miracloth, and pelleted for 30 min at 4000 X g. The crude chromatin was scraped from the underlying starch, resuspended in grinding medium, and repelleted for 10 min at 10,000 X g. The crude chromatin was then repelleted 4 further times from 0.05 M tris pH 8. The 5 X repelleting of the crude chromatin removes much nonchromosomal protein and contributes importantly to the purity of the final product. The CsCl density gradient centrifugation: Materials to be fractionated by CsCl density gradient centrifugation were made up to the required concentration of CsCl (Harshaw, optical grade) and in 0.01 M tris, pH 8.0. For the separation of histone-RNA from nucleohistone, ca. 35 OD260 of nucleohistone dissolved in 5 ml of 2.09 M CsCl was placed in each bucket of the SW39 Spinco rotor. Concentrations of nucleohistone over the range 3.5-35 OD260 per 5 ml exhibit similar banding behavior, but higher concentrations lead to aggregation of the histone as it bands. In some runs, the sample was dissolved in 3 ml of CsCl of the required concentration (and in 0.01 M tris, pH 8.0). The sample was then overlayered by 2 ml of paraffin oil. Centrifugation was at 39 krpm for 48 hr, and at a rotor temperature of 20'C. At the end of this time the samples were removed and dripped from the bottom with a Buchler dripping device. The hypodermic needle was driven sufficiently far into the tube to assure that the DNA, which pellets in 2.09 M CsCl, was not collected. Ten-drop samples were collected. To each sample 0.6 ml of 0.2 N H2SO4 was added and protein then determined by OD at 230 muA. P32-labeled samples were dried on planchets and counted on a Nuclear-Chicago D47 counting system. In each run one tube containing CsCl but lacking sample was included for determination of the final gradient. This tube was dripped, and the refractive index of each sample determined in a temperature-controlled Zeiss refractometer. From the index of refraction, density was calculated from the relation p = 10 Experimental Results.-We first demonstrate that histone dissociated from native nucleohistone by high ionic strength contains associated RNA. For this purpose native nucleohistone was made up in 2.09 M CsCl and centrifuged at 39 krpm in the no. 39 Spinco head, until equilibrium had been attained (48 hr). The tubes were then punctured at the bottom and 10-drop fractions collected. The data of Figure  1 show that protein and nucleic acid band together at a main peak density of 1.286. The protein of this band is all soluble in 0.2 N H2SO4 and hence histone; the nucleic acid is all hydrolyzed by 0.3 N KOH or 0.1 N NaOH (18 hr, 37°C) and hence RNA.
The identities of the two components are further confirmed below by disk electrophoresis and column chromatography of the histone and by nucleotide analysis of the RNA. The banding behavior of the histone dissociated from nucleohistone by high ionic strength is different from that of the same histone after ethanol precipitation from 0.2 N H2SO4, the classical method for histone preparation (Rasmussen et al.6 ). Such acid-treated histone, banded in CsCl pH 8.0, exhibits, as shown in Figure 2 , two incompletely resolved peaks at densities of 1.240 and 1.218, respectively. Histone associated with RNA is therefore denser than histone itself. The data of Figure 1 show that the RNA-associated histone bands as two incompletely resolved peaks of different densities. These two components may be quantitatively separated from one another. Nucleohistone is dispersed in 0.4 M1I NaClO4 and pelleted for 16 hr at 40 krpm (Spinco no. 40 possesses a mass ratio of RNA to histone of 0.1, that which is extracted of approximately 0.5. The buoyant densities found for the two classes, 1.286 and 1.256, are those predicted on the basis of their RNA contents and the densities of RNA (1.900) and RNA-free histone (mean density = 1.229, Fig. 2 ), respectively.8 It is clear, therefore, that histone which has been dissociated from nucleohistone by 2.09 M CsCl contains RNA. In addition, all of the histone bands at the densities characteristic of histone-RNA and none at the densities characteristic of RNA-free histone. It is also clear therefore that all of the histone of native nucleohistone is involved in RNA-histone complex formation.
It may be stated parenthetically that the two histone-RNA complexes of different densities (Fig. 1 ) described above differ in their histone composition. For the study of this matter the histones of the extract and pellet fractions from 0.4 Ml NaCl04-treated nucleohistone were prepared by alcohol precipitation from 0.2 N H2S04 and analyzed by disk electrophoresis and by chromatography on the Amberlite IRC-50 analytical column of Fambrough.9 Both methods show, as demonstrated for one of them in Figure 4 , that 0.4 M NaCl04 extracts from nucleohistonc nearly all of histone I together with some histone II (nomenclature of Murray1O) and that the pellet from such extraction contains histones of classes II, III, and IV, but is essentially free of histone I.
We now consider the properties of the histone-associated RNA. P32-labeled histone-RNA, separated from DNA by banding in 2.09 M CsCl, was subjected to hydrolysis in 0.1 N NaOH and the histone precipitated with 1.65 M TCA. The TCA was extracted from the supernatant with ether and the resultant mixture of nucleotides analyzed on a Dowex 1 X 8 column according to Cohn and The data for nucleotide composition derived from a typical analysis (that of Fig.  5 ) of histone-associated RNA is given in Table 2 . Histone-associated RNA is characteristically rich in dihydrouridylic acid and in adenylic acid and poor in guanylic and cytidylic acids, in this respect different from transfer RNA and Ratio of total nucleoside monophosphates to total nucleoside diphosphates: 230,560 + 11,900/2 = 38. ribosomal RNA from the same pea bud material whose compositions are summarized in Table 3 . From the ratio of terminal nucleotide diphosphates to total nucleotide monophosphates, the average chain length can be estimated as 38 ( Table  2) . The same value is yielded by the ratio of nucleoside to total nucleotide mono- phosphate in the hydrolysate. The data of Table 3 include the base composition of the RNA of whole nucleohistone as well as of the histone-associated RNA as removed by CsCl banding. The two are evidently quite similar. This is to be expected, since CsCl banding removes essentially all RNA as well as all histone from nucleohistone.
The bonds by which histone is bound to its associated RNA are not ionic ones, since the two are not dissociated by concentrations of CsCl as high as 4 M. They are, however, cleaved by acid, as is shown in Table 4 . For this experiment, p32_ Discussion.-Histone molecules as prepared by the usual extraction with acid possess molecular weights of the order of 10,000 (histone I) to 20,000 (histone II). 10 The histone-RNA complex as isolated by CsCl banding contains, by mass, 92 per cent histone and 8 per cent RNA. On this basis there are available approximately 3-6 nucleotides per histone molecule. It has been shown above, however, that the RNA molecules associated with histone are approximately 10 times this large. We find no native histone which bands in CsCl at the density characteristic of RNAfree histone. It follows, therefore, that in the native state several histone molecules must be associated into a larger unit with which an RNA molecule is in turn associated. This conclusion follows also from comparison of the sharp CsCl gradient banding profiles of histone-RNA (Figs. 1 and 3) with the diffuse profiles of acidextracted, RNA-free histone (Fig. 2 ) studied under similar conditions of histone concentration. We conclude that the histones studied by classical histone chemis-try are subunits formed by dissociation of larger structures characteristic of native nucleohistone.
With regard to the union between histone and RNA we know only that it is cleaved by strong acid. It is possible that the dihydrouridylic component of the RNA may play a role in the bond to histone. The dihydrouracil ring which is closed at neutral pH possesses the property of opening in base to form ureidoproprionic acid'2 which is the form which gives the yellow color reaction with p- Finally, we consider the nature of the association of histone-RNA with DNA in native nucleohistone. Although we know little about this matter, we have shown'8 that the RNA of the native nucleohistone is bound in the complex in such a manner as to be totally resistant to attack by RNase and that it is converted to a form susceptible to such attack either by heating the complex (at low ionic strength) to 600C, a temperature below that at which any melting of DNA takes place, or alternatively, by treatment of the nucleohistone with DNase.
Summary.-Histones, as they occur in the native nucleohistone of pea bud chromatin, are bound to RNA. This RNA, of molecules approximately 40 nucleotides in length, constitutes a distinct class of RNA distinguished by its high content of dihydrouridylic acid. The histone molecules of classical histone chemistry appear to be subunits of much larger structures present in native nucleohistone. Each such large structure, made of several subunits, bears an RNA molecule of the class which we have here described. The tadpole and adult stages of the bullfrog (Rana catesbeiana) have different hemoglobins. Differences in oxygen binding between the larval and adult hemoglobins have been shown by McCutcheon' and Riggs.2 Several laboratories have reported different electrophoretic patterns, chromatographic elution profiles, or sedimentation constants for hemoglobin from the tadpole and frog3-8 and a change toward the adult pattern during metamorphosis.4 6, 7, 9 Baglioni and Sparks6 and Sakai et al.10 found differences in the primary structure of hemoglobins obtained from pre-and postmetamorphic animals. Although the hemoglobins have been shown to consist of subunits,6 the number of different polypeptide chains has not been established. No studies, to our knowledge, have been reported on protein biosynthesis in tadpole or frog red blood cells.
The experiments to be reported here indicate that hemoglobin can be synthesized in vitro by circulating red blood cells of normal tadpoles. Soon after the administration of thyroxin, hemoglobin synthesis markedly declines. Following this, an
